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ABSTRACT 

The spectral reflectance of natural objects is taken from Krinov's measurements. 

Based on these data, the luminous reflectance (albedo) and the color parameters are com- 

puted for these objects.   The results are compared with other published data. 

It is shown that most natural objects possess a dominant wavelength between 5700A 

and 59O0A, i.e. in the greenish yellow part of the spectrum.   ETCH for vegetative formations, 

as« seen from a distance, the dominant wavelength is also in the greenish yellow spectral 

range, which is a surprising fact because one would expect a dominant green.   This color 

is, however, a mixture of brown and green. 

The excitation purity of bare areas and soils is low (15-30%), but it is higher for 

vegetative formations (25-50%).   Vertical formations such as forests, seen from directly above, 

reflect only a very small amount (2-3%) of the light which fai.j, upon them from the sun and 

sky, but as seen from the ground their rtflccca.it is much    igher (about 8%). 

iii 
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LUMINOUS AND SPECTRAL REFLECTANCE 

AS WELL AS 

COLORS OF NATURAL OBJECTS 

(VISUAL ALBEDO AND COLOR OF TERRAIN FEATURES) 

1.   Introduction 

For many problems in atmospheric optics, the reflectance (or albedo) of natural objects is of great 

importance.   For problems in visibility we are concerned only with the reflectance in the risible part of 

the spectrum, i.e. from 0.38 to 0.77 [I.   Although the experimental data available are limited, they have 
recently been largely extended by the publication of extensive measurements of spectral reflectance of 

natural objects carried out in Russia.   These dtita allow computations of luminous reflectance and color 

parameters.   After hiving obtained such additional data we are in a much better position to investigate 

atmospheric visibility problems, such as slant visibility. 

2.   Definitions 

By the albedo of an object we mean the fraction of the incident energy which is reflected by the 

body.   This is a very casual definition.   If we look closer at the physical process, we find that, when 
light is incident upon the surface of a body, some of it is, in general, directly reflected, some is dif- 

fusely reflected, while the remainder passes on into the substance of the body to be absorbed.   Polished 
surfaces reflect directly; mat surfaces reflect diffusely. 

The reflectance of a body is the ratio of the luminous flux reflected by the body to the luminous 

flux incident upon it.   It may vary considerably with wavelength.   A uniform diffusely reflecting surface 
may be defined as one which redistributes the radiant energy it receives in such a manner that, whatever 

the directional distribution of the incident radiant energy, the reflected radiant energy from each element 

of the surface in any given direction is proportional to the cosine of the angle which that direction makes 

with the normal to the surface.   Such a surface, therefore, appears equally bright in all directions.   Nat- 
ural surfaces So not behave as an ideal diffusely reflecting surface and the simple cosine law is not 

accurately followed.   The reflectance is greater in the neighborhood of specular reflection. 

If we measure the reflectance within narrow wavelength ranges, i.e . we measure the spectral re- 
flectance rX the measurements have to be defined in radiometric units.   If we consider, however, the re- 

flectance fot visibility problems, it has to be defined in photometric units.   We use luminous reflectance 

R as the important parameter, which can be computed from the spectra! reflectance r Xusing the relative 
spectral luminosity of the human eye. 



This terminology avoids the term albedo, which is more or less  understood to comprise the Reflec- 
tance for the total wav„'length range oi the solar radiation from the ultraviolet to the far infrared.   The 

term "visual albedo", however, is equivalent  to luminous reflectance. 

3.   Spectral Feflectance of Natural Objects After Krinov 

3.1   Method of Observation 

The data we will investigate thoroughly are those obtained by Krinov.2 He has collected an ex- 

tremely large amount of data, the largest available in the literature, and his publication is available in a 

good translation. 

His objective was to determine the spectral reflectance of natural formations, mostly plants.   In the 

case of horizontal surfaces (for instance soil) the spectrograph was placed on a tripod and directed ver- 

tically (pointed to the nadii) or at an angle of 45° and an azimuth of 90° from the sun.   In taking the spectro- 

grams of natural formations having vertical surfaces, such as trees, the spectrograph was placed horizontal- 

ly and at an azimuth of about 135° or 225° from the sun.   In this case the sun was always behind and some- 
what to the side of the observer (spectrograph) to give the greatest illumination (irradiance, to be correct). 

Measurements were obtained on clear days and only rarely up to a cloudiness of 0.3-   In cases of 
broken low clouds, spectrograms were taken only when the sun was shining directly at the object.   Further- 

more, most of the data are obtained around noon.   Unfortunately, only two aircraft measurements have been 

successfully carried out.   The open airplane was flying at 900 ft. near Leningrad.   Data for two natural ob- 
jects were derived:   a mature fir forest and a dry meadow with low sparse grass.   They will be discussed 

in Section 3.4. 

In taking the spectrograms the procedure was to take one of the natural object and one of a standard 

surface within a short time interval.   The spectrogram from the standard surface is necessary to determine 

accurately the spectral reflectance of the natural object.   The reflectance of the standard surfaces was 

compared with that of processed magnesium oxide powder; thus, his standardization procedure was correct. 
The Mgo surface is the best standard, but could not be used in field work.   The procedure used by Krinov 
vss such that he must have obtained very reliable data.   From his description I have the impression that 

the field work was carried out very carefully.   We will see that our evaluation of his data leads to reliable 

information, when compared with results obtained by oilier research groups. 

All in all, 10,316 spectrograms were taken on 905 plates.   His work started in 1932 and continued 

937.   In 1942 additional o 
amount the range 7100-9000A. 

o 
until  1937.   In 1942 additional spectra were taken.   His data cover the range 4000-6500A and a substantial 



3.2   Grouping of Krinov's Observations 

This wealüi of data has been worked up into 370 groups of objects, most A which are types of trees 

and shrubs at various seasons of the year.   This might be of importance for camouflage purposes, but it 

certainly is not for general visibility problems.   Of interest to us is only his assembly of the data into four 

main classes cr eleven types.   These eleven types characterize most of the terrain features.   They are 

described in the next section in detail. 

3.3   Results for Ground Measurements 

The results of the spectral reflectance r y, of his eleven types are given in Table 1.   For some types 

Krir.ov  approximated the change of r with wavelength by writing 

r\/'Xo = Y. 
o o 

where r \ is the value at   X=6^)0A  and  A.   = 4000A.   The value y >s also listed in Table 1.   Furthermore, 

the data are shown in Fig. la-c These are Krinov's basic data which we will use later on. Vie shall de- 

scribe his results for the elev- 1 types in a classification system which steins from Table 3 (discussed in 

Section 4). 

Class A. Water surfaces (Fig . la): The curve has a steep negative slope in the blue part and a 

very gradual slope in the red portion; y= 0.19, - \ varies between 0.15 and 0.008. Typical examples are 

water surfaces at a relatively large angle from the vertical, i.e. reflecting the blue sky. 

Class B.   Bare areas and soils (Fig. lb):   Curve la represents fresh fallen snow.   The r \ values fall 

off gradually towards the red;y = 0.8 8, the r \ values are very high.   Curve lb represents snow covered with a 

film of ice.   The reflectance is more or less neutral, i.e. independent of wavelength and r\ is high, 0.72 to 

0.76.   Curve 2 is characteristic for limestone, clay and similar bright objects.   The curve for r \ is convex 

with a steep upward slant; r\is relatively high (r \ = 0.357 to 0.753) with y = 1.95. 

Typical examples for curve 5 are sands, various bare areas in the destrt, some mountain outcrops.   The 
o o 

r ^values increase rapidly from the blue to 6000A; above 6000A the increase is only slight; y = 2.71.   Typical 

examples for curve 7b are podzo!, clay, loam and other soils, paved roads and some buildings.   The r \ values 

increase slowly up to 6500A, b .1 beyond 6500A a steep increase is observed to large infrared values; y s 1.67. 

In the final curve, 8c, the r \ values increase more or less uniformly towards the red end of the spectrum; 

Y = 1.64.   Typical examples of this type are black earth, sand loam, and earth raw!*. 
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Class C. Vegetative formations (f-'lg.  Ic):   Type la:   The curve has a very weak maximum in the 

visible region of the spectrum and, in general, the r \ values are very small.   In the red part of the spectrum 

the r ^ show an upward sloping.    Typical examples are coniferous forests in winter. 

rx 
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 1  

6ooo 7000 

WAVELENGTH X 
Fig. 1a 

WAVELENGTH   X 
Fig   Ic 

4000 5000 6000 7000 fcUOO 

WAVELENGTH X 

Fig. lb 

Fig. 1.   Spectral reflectance for eleven types of natural objects as measured by Krinov. 

a) For Class A:  Water surfaces 

b) For Class B:  Bare areas tnd soils 

c) For Class C:   Vegetative formations 

The numbers on the curves correspond to those ic Table 3 and in the test. 

Type lb:   The curve has a more distinct maximum in the visible region of the spectrum r.nd is higher 

than the previous curve.   Furthermore, it possesses the same noticeable upward slant in the netj infra-red 

region.   Typical examples are coniferous forests in the summer period, dry meadows and grass in general, 
excluding lush grass. 

Type lc:   The curve has a clearly expressed maximum in the yellowgreen region of the spectrum and 

a very strong upswing in the infrared region.   Typical examples are deciduous forests in the summer period 

and all lush grass. 

Type Id:   The curve has an upward slant in the entire green-orange-red portion of the spectrum, and 

a steep slope in the red-infrared spectrum.   Typical examples of this type are forests in the autumn period 
and ripe field crops. 



3.4   Results for Airplane Measurement» 

Of importance to our basic problem are those spectrograms taken from low flying airplanes.   There 

exist only few data in the open literature, namely those obtained by Krinov and those by Schimpf and 
Aschenbrenner.*7   The later ones used a Titanium dioxide surface for comparison. The results are listed in 

Table 2 and reproduced in Fig. 2.   Krinov flew at 300 m (900 ft.) near Leningrad; Schimpf and Aschenbrenner 

near Berlin (Germany) at 100 m (300 ft.).   Both flew over similar terrain features and therefore their results 

can be compared.   The results do not quite agree numerically because the time of the year, the position of 

the sun, the density of the forest or grass were probably different.   But the type of curves obtained for r ;x 

is very similar, as seen from Fig. 2.   It might be possible that Krinov't airplane data for both objects are 

a bit larger than Schimpf and Aschenbrenner's, because they contain a larger contribution from the air- 

light.   But this can only be proven by computing the influence of airlight on luminance, for a layer 200 m 
thick. 

*   The oiigiaal MtMta is not available, and the data have been taken from a publication by Nagel.* 



Table 2—Spectral reflectance r ^ for low flying airplane 

o 
in A 

Meadow, low 
Mature fir Forest, su. dense  grass Meadow 

forest, late su. Schimpf, Aschen- early fall Schimpf, Aschen 
Krinov, 300 m. brenner, 100 m. Krinov   300 m. brenner, 100 m. 

0.030 0.011 0.054 0.023 
.026 .015 .050 .029 
.026 .017 .050 .032 
.026 .016 .048 .035 
.025 .019 .050 .039 

.024 .020 .047 .040 

.024 .016 .047 .041 

.025 .018 .047 .044 

.025 .019 .046 .044 

.025 .017 .050 .045 

.025 .017 .051 .049 

.027 .020 .057 .055 

.030 .023 .067 .060 

.034 .024 .077 .068 

.036 .026 .085 .076 

.038 .026 .091 .078 

.036 .026 .094 .078 

.035 .025 .089 .076 

.031 .023 .083 .072 

.030 .023 .085 .072 

.028 .023 .087 .075 

.030 »023 .083 .072 

.028 .023 .080 .068 

.027 .022 .079 .063 

.026 .021 .075 .059 

.028 .020 .075 .058 
.023 .058 
.024 .055 
.024 .050 
.022 .047 

4000 
4100 
4200 
4300 
4400 

4500 
4600 
4700 
4800 
4900 

5000 
5100 
5200 
5300 
5400 

5500 
5600 
5700 
5800 
5900 

6000 
6100 
6200 
6300 
6400 

6500 
6600 
6700 
6800 
6900 

7000 .022 .046 



First we compare tlie spectral reHectMC« of meadows.   As we see from Fig. 2a, the results of 

Krinov, and Schimpf and Aschcnhrenner, from an airplane, agree fairly well with those ohtained by Krinov 

from the ground.*   This leads to the conclusion that Krinov's data, measured near the ground, can be ap- 

plied f<" visibility problems from aircraft (slant visibility) as long as bare areas, soils and shallow or dense 

vegetative formations are concerned. 

Quite contrary axe the results for fir forests. Here the r \ values obtained by both authors from air- 

planes agree more or less, but the values are substantially lower than those obtained from the ground look- 

ing horizontally at a forest.   The reflectance for an airplane observer is only Vi to 14 of that for a ground 

MEADOW 

 KRINOV, AIRPLANE 
S00 FT" 

 ^'SCHIMPF, ASCHEN- 
BRENNER, AIRPLANE 

300 FT" 
 -KRINOV, GROUND' 

WAVELENGTH 
Fi g   2a 

FIR   FOREST 

/ 

WAVELENGTH 
Fig. 2b 

Fig. 2.   Spectral reflectance of meadows and fir forests as measured from low flying aircraft-, 

a) For meadows 

b) For fir forest 

The ground values for the same objects are also entered after Krinov. 

'The "ground" values of r^in Fig. 2a and 2b are data taken from an incUV   jal observation of t''    same object at the 
same time of year; they are not average data taken from Table 1. 



observer as seen from Fig. 2b.   It is caused by the large shadow areas between the individual trees.   The 

conclusion is that vertical vegetative formations, like forests and shrubs with no solid upper leaf surface 

possess a substantially lower spectral reflectance for an airplane observer looking vertically down as com- 

pared with a ground observer.   The reflectance should increase somewhat for slant visibility. 

4.   Luminous Reflectance of Natural Objects 

4.1  Computation for Krinov's Type« of Natural Objects 

The luminous reflectance K can be computed from data of r ^.   If 11 ^ is the spectral irradiance of the 

surface for specified angular conditions of irradiance,* then the luminous reflectance R of non-fluorescent 

materials is given by 

0.77 
jr 

o.38   r\yxHxdX 

R= — 
0.77 

o.if *yx Hx «ix 
where y \ is the relative spectral luminosity for the human eye at a specific level of luminance.   For bright 

daylight the values y ^have been published for a "normal observer," they correspond to CIE, standard source 

B.   The values R are computed for Krinov's data (Table 1) together with the chromaticity coordinates in 

Section 5, i.e. R is identical with the luminance factor Y. 

4.2  Other Available Data 

There exist two other sets of data.   One is published in the Smithsonian Meteorological Tables3 where 

data from many investigators are neatly summarized, and one s»t in Sewing's handbook.8   All those R values 

are based on aircraft measurements, as stated in the text to these tables, and thus we can compare most of 

them with our computations, based on Krinov's measurements, provided the conclusions in Section 3.4 are valid. 

* In this case CIE standard source B, see Section 5.1. 
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4.3   Comparison of Data 

In order to compare (he data, a list has been set up (Table 3) in which all four sets of data are listed, 

but we cannot compare all the data, because they are not taken under the same conditions.   The descriptive 

terms follow the usage of the individual authors.   We can now classify the results in four classes.   Natural 

objects (Class A, B) have, in general, very low or very high values of luminous reflectance.   While snow, sand 

and some rocks have R values ranging from 30 to 90%, water surfaces and bare ground have value» of 5-10%. 

Vegetative formations (Class C) also show small values, mostly below 10%.   The differences within the later 

class are slight and on this basis hard to distinguish; thus, color contrast can help to distinguish the objects. 
The difference between dry and wet soil conditions is striking; wet conditions always reduce R.   Different 

types of roads and buildings (Class D) show a large variation of R. 

The Smithsonian Tables list R values giving lower and upper boundaries.   Sewing's table, as well as 
our computations based on Krinov's or Schimpf-Aschenbrenner's r ^values, list only one value, but limits 

should be added which could be obtained from Krinov's data.   This, however, requires laborious computations 

The figures should be considered as an indication of the approximate value and ± 50% might be a good guess 

of the actual variations under natural conditions. 

5.   Colors of Natural Objects 

5.1   Method of Computing Colors 

Natural objects can easily be distinguished by colors, but their colors change when viewed from in- 

creasing distances.   We shall investigate here only the color of selected natural objects for an ofc«^rver close 

to the objei*, i.e. we neglect the influence of airlight on colors, because this demands a separate careful 

study and seme results are already available    ' 

Color is certainly an intriguing subject and not easy to assess in pure physical terms, because the 

parameters we will compute define only the stimulus in terms of the eye, but ;iot the mental perception this 

stimulus will produce.   It must be remembered that luminance is one of the most important variables of color. 

This is easily understood, if we think of the photographic analogue "black and white," i.e. a photographic 

picture is essentially based only on luminance contrast of objects and perfectly understood by our minds 

without any real "color."   Even in color photography luminance contrast is the most important variable.   The 

same analogue applies to visibility problems.   Some natural objects are exposed to bright sunshine, others 

or at least parts of other objects are situated in the shadow; some shine very brightly, while others don't. 

We follow the standard procedure1 in computing the various color parameters.   The color of an object, 

reflecting light which falls upon it, depends on the spectral reflectance r -^of this object, on the irradiance 

11 



Table 3—Luminous reflectance R in percent 

Class: A   Water Surfaces 

Smithsonian 
Tables 

1 Bay 
2 Bay and river 
3 Inland water 
4 Ocean 
5 Ocean, deep 

Class: B   Bare areas and soils 

la Snow, fresh faller 
lb "   , covered with ice 
2 Lur.cstone, clay 
3 Calcareous rocks 
4 Granite 
5 Mountain tops, bare 
6a Sand, dry 
6b "   , wet 
7a Clay soil, dry 
7b "      " , wet 
6a Ground, bare, rich soil, dry 
8b M          »        wet 

8c "     , black earth, sand loam 
8d Field, plowed, dry 

Class: C  Vegetative Formations 

la Coniferous forest, winter 
lb "            "     , summer 
lc Deciduous forest, summer 
Id "      , fall 
le Dark hedges 
2 Coniferous forest, summer, 

from airplane 
3a Meadow, dry; grass 
3b Grass, lush 

4 Meadow, low grass, from airplane 
5 Field crops, ripe 

Ciass D  Roads and Buildings 

1 Earth roads 
2 Black top roads 
3a Concrete road, smooth, dry 
3b "      , wet 
4a "   , rough, dry 
4b "    , wet 
5 Buildings 
6 Limestone tiles 

3-4 
6- 10 
5 -10 
3-7 
3-5 

70-86 

10-20 

20-25 

3-10 

3-6 
15-25 

Sewing 
Handbook 

30 
12 

31 
18 
15 
7.5 
7.2 
5.5 

Krinov 

8 
35 
15 
35 
25 

25 

77 
75 
63 

24 
24 

9 
9 

3 
8 

10 
15 

3 
8 

10 
8 

15 

3 
9 

Schimpf, 
Aschenbrenner   I 
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H \ d X in the wavelength interval X ±  1/2 d X at the surface of the object and on the triscimulus values 

i*\,   y" X-   *">   °' ,*1<" nun,an eV<" °f a  standard observer with normal color perception: 

x ■ /» xr x ■ xd x > 
V     =  yH x   r X   y X   d X   , 

2   . /*ll x i x * X d X  • 

These are the tristimulus values X, Y, Z.   The chromaticity coordinates are then given by 

y - r X + Y + Z X+Y+Z XfY+Z 

They are best represented in the (now standard) chromaticity diagram,  '    a practice we shall follow.   Since 

x + y + z = 1, only x and y need to be given to represent a chromaticity.   Y gives the luminance factor directly 

in percent, this is accomplished by proper normalization of the H ^   * X >   H  ■  y ^   and H \   z \   values. 

This luminance factor Y is identical with the luminous reflectance  R, as given in Table 3. 

Thus, the chromaticity coordinates can express the luminance factor (Y) (orR) as well as the chromaticity 

of an object.   Further helpful parameters are the dominant wavelength   X ., and the excitation purity p.   Dominant 

wavelength indicates what part of the spectrum has to be mixed with the neutral standard and purity indicates 

the degree of apptoach of the color of the object to the pure spectrum color.   All these parameters will be com- 

puted. 

The selection of the best standard source has to be decided.   Source 13 represents noon condttions on a 

clear day, whereas Source C represent-!, average daylight, such as under an overcast sky.   Source C is generally 

used in this country for the computation of color coordinates from photometric data. 

Source L> was preferred for various reasons.   First of all, Krinov measured only on clear days around noon and 

we shall use his original data; secondly, we shall appiv our results later on to problems in atmospheric visibility 

(slant visibility) and shall consider clear sky conditions too; thirdly, convenient tables are available. 

The last remaining problem is to decide the chromaticity, which is being considered as "white".   This is 

not necessarily or even usually the equal energy point, but rather the color of the general illumination pre- 

vailing.   Thus, we consider as pure white the point of our standard Source B on the chromaticity diagram.   A 

chromaticity diagram is shown in Fig. 3. 

5.2   Colors for Krinov's Types of Natural Objects 

The results of the computations are listed in Table 4 and shown in Fig. 4, where only a small portion of 

the chromaticity diagram is reproduced.*   Only a few dominant wavelengths are indicated.   The chromaticity co- 

ordinates of the CIF standard source B are:   x = 0.3485 and y = 0.3518. 

• To familiarize the reader with the chromaticity diagram, Fig. ^ shows .he full chart.   Tlie two areas, which are shown 
enlaiged as Fig. 4 and Fig. 5, are indicated on this chart. 
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Fig. 3-    Key diagram showing regions of the chromaticity diagram displayed in Figure 4 and Figure 5. 

The chromaticiry diagram is the right angle type.  x= red, y = green, the third coordinate z (blue) ■ 
0 runs at 45° through x = 0, y = 1.0 and x ■ 1.0 and y = 0.   The full line represents the chromatl- 

cities of the spectrum identified by wavelength in A, i.e. for purity p = 100%.   For any point F 

(x,y) the line between the standard source B and this point crosses the spectrum locus at D which 

gives    X. The ratio of the distances determines the purity p = BF/BD. 
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045 

t 035 - 

Fig. 4.    Apparent chrociaticicy of natural objects, using Krinov's basic data of the spectral reflectance   i •    . 

For CIE standard source B. 

Water seen at a large angle from the vertical appears blue, the dominant wavelength is 4810A and the 

purity 31%. These values agree with the color of the blue sky (for global irradiance) and they compare well 
with Moeller's data for the color of a wall exposed to global irradiance from the sun and sky. 

Snow appears as a pure white surface, because a purity of 2 or 3% may be just a computational result 

and for practical considerations we can assume a value of p = 0%, i.e. pure white.   This result is, of course, 

what we expect, but it serves as a check on the reliability of the basic measurements carried out by Krinov. 

For all other objects the dominant wavelength varies between 5700 and 5900A, i.e. it is restricted to 

a relatively narrow band in the spectrum and can be described as ranging from greenish yellow to yellowish 

orange.   Such a result is expected for bare areas and soils; their purity is low, namely 15-30%.   But this 

dominant wavelength is rather surprising for all vegetative formations, where a more greenish color is ex- 

pected.   For those the purity is relatively high, 25-50%.   Unfortunately, we have no other experimental data 

to check those results.   Moeller obtained for a green leaf, using basic measurements by Sauberer,   A . . 

5100A, Y - 4% and p = 23%.   Thus Moeller obtained a real green color.   But the results listed in Table 4 may 

be understood as those of the total appearance of a forest or a meadow and not as valid for apart of it, like a 

green leaf.   Krinov measured from a distance and a forest consists of green leaves, brown or nearly black 

branches, tree trunks and also some soil.   Therefore, Krinov's colors are caused by a mixture of all those 

components and should be understood as such.   The purity reaches its iowest value for a coniferous forest in 

winter and the values increase the more dominant one object becomes in the total appearance of the formation, 
Tor example, for a meadow of lush grass. 

The influence of our selection of the standard source has been investigated too.   For #9, coniferous 

forests in summer and meadows, the chroma!irity coordinates have been calculated for the CIE standard 
source C, and rhe results are: 

x = 0.362,      y = 0.385,       Y = 8%       Xd   = 5740A, and p = 38%. 
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Table 4.   Characteristic values of chromaticity coordinates x, y; luminance factor Y in %; dominant wave- 

length   Xj; and excitation purity p in % for natural object, based on Krinov's spectral reflectance 
data for standard source B. 

Class A:     Water Surfaces 

3 Inland water 

Class B:     Bate areas and soils 

2 la Snow, fresh fallen 
3 lb "    , covered with ice 
4 2 Limestone, clay 

5{ 
5 Mountain tops, bare ) 
6a Sand, dry ) 

6{ 
7b Clay, soil, wet 

} 8a Ground, bare, rich soil, dry 
7 8c "       , black earth, sand, oam 

Class C: Vegetative Formations 

8 la Coniferous forests, winter 

M 
lb "     , summer 

} 3a Meadow, dry; grass 

10 { 
lc Deciduous forest, summer 

} 3b Grass, lush 

11 ( 
Id Deciduous forests, fall 

} 5 Field crops, ripe 

Class D: Roads and Buildings 

7 

M 
Earth roads 
Black top roads 
Buildings 

0.269 

0.377 

0.382 

Y in % 

0.289 

0.369 

0.373 

4810 

5832 

5828 

p in % 

31 

0.340 0.346 77 4810 3 
0.351 0.354 75 5795 2 
0.377 0.376 63 5790 18 

0.399 0.387 24 5816 29 

0.382 0.373 9 5828 18 

0.?77 0.369 3 5832 15 

0.381 0.396 3 5744 25 

0.397 0.410 8 5758 36 

0.394 0.432 10 5719 43 

0.451 0.399 15 5858 50 

15 

18 

A comparison of these figures with those for the same object in Table 4 shows that, although the chromati- 

city coordinates are different (this is caused by the different standard source), rhe dominant wavelength 

and the purity are practically equal for both sources.   Thus it is concluded that the influence of our 

selection of the CIE standard source on X , and p is of minor importance, and X ■  andp are for a first 
approximation valid for clear as well as overcast sky. 

5.3   Colors for Natural Objects as Seen From Low Flying Airplanes 

For our problem of slant visibility from aircraft, we have to use color parameters measured from low 

flying   airplanes, to exclude the influence of airlight.   Since only a few data are available, namely from 
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Krinov2 and Schimpf-Aschenbrenner,7 we investigate both of them to see how reliable the bulk of Krinov's 

measure me nts are (namely those carried out close to the ground). 

The basic data (i.e. r  ^ ) for meadows and forests are available in Table 2, from which we computed 

the color parameters.   The results are listed in Table 5 and represented in a chromaticity diagram in Fig. 5. 

045 

04 

t 
035 

0.3 
03 

T] r-r 
5600      5700 

1 -7— 
5800 

0.35 

CIE  SOURCE 
B «FIR   FOREST 

OMEA00W 

 I ,  
0.4 0 45 0.5 

Fig. 5.    Apparent chromaticity for meadow and fir forest as seen from a low flying aircraft. 

SA   =  Schimpf-Aschcnbrenner 

K  =   Krinov 

+  values from ground after Krinov 

For meadows there exists practically no difference in the color parameters as measured from a low flying 

airplane or as measured near the ground.   The values of z, y, Y,   X . and p are for poetical purposes the 

3ame.   But, quite the contrary is true for coniferous forests.   The luminance factor Y (= luminance reflec- 

tance R) is reduced by 1/3 to 1/4 if seen directly from above a forest instead of horizontally from the 

ground.   This effect is caused mostly by the large shadow areas.   Thus, coniferous forests may be treated 

as black targets for many practical problems.   Furthermore, rhr dominant wavelength is shifted a bit towards 

shorter wavelengths, i.e. from the greenish yellow to the yellow green and a very striking reduction of the 

purity occurs, it decreases from 36% to 18-22%, i.e. by a factor of about i.'.». 

Thus, we can conclude chat Krinov's measurements from the grouse1 can be faithfully used to give colors 

as seen from an airplane, as long as horizontal natural objects are concerned, namely bare areas, soils, 

meadows, roads, lakes and rivers; but his values cannot be used for vertical natural objects like forests or 

buildings. In such cases individual • —asuremenrs have to be carried out from low flying airplanes. 
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Table 5. Characteristic values ot chromaticity coordinates x, y; luminance factor Y in %, dominant wave- 

length X j and excitation purity p in % for natural objects as seen from low flying airplanes and 
from the ground (Standard Source B). 

Deciduous forest ground   (K) 

Deciduous forest airplane   (K) 

Deciduous forest airplane   (SA) 

Meadow, ground (K) 

Meadow airplane   (SA) 

X y Y *d P 

0.397 0.410 8 5758 36 

0.359 0.385 3 5665 22 

0.368 0.385 2 5719 lb 

0.397 0.410 8 5758 36 

0.380 0.417 7 5700 32 

(K = Krinov; SA = Schimpf and Aschenbrenner) 
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